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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The optical-waveguide formation method of polymeric materials characterized by providing the following. 
The process which forms the lower clad layer of polymeric materials on a substrate. The process which forms the 
spacer of the configuration closed on the periphery of the field which forms the core section on this lower clad layer. 
The process which holds a liquefied photoresist with the refractive index higher than this lower clad layer after optical 
hardening to the inner circumference side of this spacer. The process which puts a mask, and irradiates light, or 
irradiates direct light, and forms the pattern latent image of the core section in the photoresist of the shape of this liquid, 
the process which forms the core section by removing the non-irradiated section with a solvent, and the process at 
which the refractive index after optical hardening forms a low up clad layer rather than the refractive index of this core 
section on this core section. 

[Claim 2] The optical-waveguide formation method of the polymeric materials according to claim 1 characterized by 
irradiating direct light through the mask for spacers, carrying out optical hardening of the pattern latent image of a 
spacer, and considering as a spacer in the process which forms a spacer according to claim 1 after applying the same 
liquefied photoresist as the core section on the aforementioned lower clad layer. 

[Claim 3] It is the metal mold which consists of the quality of the material which does not absorb ultraviolet rays 
completely in the process which forms a spacer according to claim 1 . A liquefied photoresist is poured into this slot of 
the metal mold which has the slot of the pattern configuration of a spacer, the aforementioned lower clad layer » the 
bottom ~ carrying out - this ~ a metal mold top - piling up - this - metal mold ~ the optical-waveguide formation 
method of the polymeric materials according to claim 1 characterized by removing metal mold and forming a spacer 
after carrying out optical hardening of the liquefied photoresist and forming the pattern latent image of a spacer by 
carrying out optical irradiation from a side 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] about the optical -waveguide formation method of having used 
polymeric materials, this inventions are general optics and a microoptics field, and can be used for various optical 
waveguides, optical integrateds circuit, or optical patchboards etc. which are used in the field of optical communication 
or optical information processing again 
[0002] 

[Description of the Prior Art] The thin film formation by the spin coat method, the dipping method, etc. is easy for 
polymeric materials, and it is suitable for producing an optical waveguide with a large area. Moreover, since the heat 
treatment process in an elevated temperature is not included on the occasion of film formation according to this 
method, compared with inorganic glass material, such as a quartz, polymeric materials have the advantage that heat 
treatments in an elevated temperature, such as a semiconductor substrate and a plastic plate, can produce an optical 
waveguide even on a difficult substrate. Furthermore, production of the flexible optical waveguide which harnessed the 
flexibility and the toughness of polymeric materials is also possible, from such a thing, optical-waveguide parts, such 
as an optical integrated circuit used in the field of optical communication and an optical patchboard used in the field of 
optical information processing, are manufactured in large quantities and cheaply using the polymeric materials for 
optics — things are expected 

[0003] Although the polymeric materials for optics have a problem in respect of resistance tos environment, such as 
thermal resistance and moisture resistance, the material which improved thermal resistance, such as material which 
does not contain aromatic machines, such as the benzene ring, or inorganic-polymer material, is reported to JP,3- 
43423 ,A in recent years. There are the above advantages in polymeric materials and troubles, such as thermal resistance 
and moisture resistance, are also being improved. As the production method of an optical waveguide using polymeric 
materials the photograph locking which makes a refractive-index difference with a non-irradiated portion by including 
a monomer in a macromolecule, carrying out optical irradiation partially, and making it react with a monomer, or the 
selection photopolymerizing method (Kurokawa et al. «) "Applied optics" 17-volume 646 pages, 1978, the method 
(Imamura et al. --) of using lithography, etching, etc. for semiconductor processing The method (training WERA et al., 
"SPIE" 1 177-volume 379 pages, 1989) using the photosensitive macromolecule or the resist etc. will be mentioned in ' 
"electronics letter" 27-volume 1342 pages, and 1991 . The method using the photosensitive macromolecule or the resist 
has very high simplicity, and is excellent also in mass-production nature. 

[0004] However, since solid polymeric materials were conventionally used at the room temperature as a photosensitive 
material, when it was made the thick film, dispersion in the outside of purple or a visible region increased, and the 
light-transmission property deteriorated, and the reliability of the pattern especially in a thick film was low, and it had 
had a bad influence also on loss of the optical waveguide produced since the resolution at the time of hardening became 
bad. Moreover, since reduction of absorption loss of material etc. was not considered about transparency, it had the 
fault that waveguide loss was also high. For this reason, the optical parts produced using such a photosensitive material 
were inadequate from the field of practicality. 
[0005] 

[Problem(s) to be Solved by the Invention] How to patternize at a room temperature, using solid not polymeric 
materials but liquefied photoresist as a means to solve this was able to be considered. However, since this material had 
a fluidity, after applying a resin, application thickness was not able to change and it was not able to produce an optical 
waveguide with the sufficient controllability with sufficient repeatability. 

[0006] It is in producing the optical waveguide using a liquefied photoresist which this invention was made in view of 
such the present condition, and pattern formation could do the purpose simply and was excellent also in processability, 
and it is simple and is in offering the optical-waveguide formation method of polymeric materials excellent in mass- 
production nature. 



[0007] 

[Means for Solving the Problem] The process at which invention of the claim 1 of this invention forms the lower clad 
" layer of polymeric materials on a substrate, The process which forms the spacer of the configuration closed on the 
periphery of the field which forms the core section on a lower clad layer, The process which holds a liquefied 
photoresist with the refractive index higher than a lower clad layer after optical hardening to the inner circumference 
side of a spacer, The process which puts a mask, and irradiates light, or irradiates direct light, and forms the pattern 
latent image of the core section in a liquefied photoresist, It is characterized by including the process which forms the 
core section, and the process at which the refractive index after optical hardening forms a low up clad layer rather than 
the refractive index of the core section on the core section by removing the non-irradiated section with a solvent. 
[0008] Here, after the process which forms a spacer applies the same liquefied photoresist as the core section on a 
lower clad layer, it irradiates direct light through the mask for spacers, carries out optical hardening of the pattern latent 
image of a spacer, and is good also as a spacer. 

[0009] Moreover, the process which forms a spacer is metal mold which consists of the quality of the material which 
does not absorb ultraviolet rays completely. A liquefied photoresist is poured into the slot of the metal mold which has 
the slot of the pattern configuration of a spacer, a lower clad layer ~ the bottom — carrying out » a metal mold top - 
piling up metal mold - metal mold may be removed and a spacer may be formed, after carrying out optical 
hardening of the liquefied photoresist and forming the pattern latent image of a spacer by carrying out optical 
irradiation from a side 

[0010] That is, since a spacer required to patternize a liquefied photoresist with sufficient repeatability and 
controllability was easily producible with a sufficient precision according to this invention, it became possible to form 
a waveguide ridge pattern with a sufficient precision. Moreover, in ridge pattern formation, when solid polymeric 
materials were used at the conventional room temperature, although thick-film formation and waveguide processing 
were very difficult, waveguide processing by the thick film was attained easily. 
[0011] 

[Embodiments of the Invention] Below, the content of this invention is explained in detail. 

[0012] The process which produces an optical waveguide according to this invention is as follows. The charge of a clad 
plate which consists of polymeric materials first is applied on a substrate, and a lower clad layer is formed. Next, on the 
clad layer, the spacer which has arbitrary height or arbitrary configurations is formed. Then, the pattern portion 
hardened when the solvent removed the non-irradiated section, after forming the latent image patternized by irradiating 
light by the photoresist with which a liquefied photopolymerization initiator to which the refractive index after optical 
hardening which exists in a spacer through a predetermined mask becomes higher than the refractive index of a clad 
layer was blended is left behind on clad. This pattern portion turns into a core portion along which light passes. Finally 
the clad layer which consists of polymeric materials is put on this core portion, and the optical waveguide of polymeric 
materials is produced. In addition, you may irradiate direct light without letting a mask pass, when irradiating light at a 
photoresist. As a liquefied photoresist used for this invention, epoxy system oligomer, silicone system oligomer, an 
acrylic oligomer material, etc. are mentioned. As a sensitization agent, a diphenyl triketone benzoin, a benzoin methyl 
ether, Peroxides, such as carbonyl compounds, such as a benzophenone, an acetophenone, and a diacetyl, and a benzoyl 
peroxide, Azide compounds, such as azo compounds, such as an azobisisobutyronitril, and an azide pyrene, A 4 and 4'- 
diazido benzalacetone, 2, 6-G (4*-azide benzal) cyclohexanone, It is mentioned as screw azide compounds, such as a 2 
and 6-G (4'-azide benzal)-4-methylcyclohexanone, a diazo compound, and what has still more typical sulfonium salt 
and male minium salt 

[0013] In this invention, it is desirable to use the material which consists of a photoresist of the shape of above- 
mentioned liquid as the charge of a clad plate for clad layers, the material for spacers, and a material for cores 
[0014] 

[Example] Although an example explains this invention concretely, this invention is not limited to these examples. 
[0015] The formation process of the optical waveguide which expresses one mode of this invention to example 1 
drawing 1 - drawing 8 is shown. 

[0016] It is the liquefied photoresist epoxy resin which makes a principal component the structure expression (1) shown 
below, and the material (A) prepared so that the refractive index after optical hardening might be set to 1.54 on the 
wavelength of 0.85 micrometers, including a photopolymerization initiator 2% of the weight, and the charge of clad 
layer material prepared so that the refractive index after optical hardening might be set to 1 .52 on the wavelength of 
0.85 micrometers were prepared. In addition, other additives etc. may be suitably added to material (A) and the charge 
of clad layer material if needed. 
[0017] 
[Formula 1] 
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[0018] Next, as shown in drawing 1 , after applying the charge of clad layer material with the spin coat on the silicon 
substrate 1, ultraviolet rays (UV light) 2 were irradiated and the clad layer 3 of 20 micrometers of thickness was formed 
in the whole surface. The refractive index was 1 .52 on the wavelength of 0.85 micrometers. As shown in drawing 2 , 
the layer 4 which applied the prepared material (A) on the clad layer was formed, the interval of a mask 5 and the layer 
4 which applied material (A) was opened about 1mm, and optical irradiation was carried out through the mask 5. The 
pattern of the mask used here was shown in drawing 3 . Of this operation, as shown in drawing 4 , the spacer 6 was 
formed on the periphery of a substrate. Under the present circumstances, the non-irradiated photoresist section was left 
behind to the spacer 6 interior, the height of the formed spacer 6 is almost as uniform as 40 micrometers, and it was 
[ the thickness was 38 micrometers depending on the height of a spacer, and ] uniform over the whole substrate surface. 

[0019] Then, after irradiating ultraviolet rays (UV light) 8 through the mask 7 of a waveguide pattern as shown in 
drawing 5 at the non-irradiated photoresist section 4, negatives were developed with the jig lime solution ( drawing 6 ). 
however, the exposure at this time - 2000 mJ/cm2 it was . According to the pattern of a mask 7, the photoresist only 
with the liquefied portion which carried out optical irradiation hardened, and the ridge pattern 9 of a configuration as 
shown in drawing 7 was formed. The refractive index after hardening was 1.54 on the wavelength of 0.85 micrometers. 

[0020] As shown in drawing 8 , this ridge pattern 9 was made to apply and harden the charge of clad layer material, the 
up clad layer was formed, and the multimode channel waveguide 10 was produced. The multimode channel waveguide 
10 which has the core section 12 of the refractive index 1.54 formed in the lower clad layer 3 of a refractive index 1.52, 
the up clad layer 1 1, and the ridge pattern configuration of this operation was produced (a depth of 38 micrometers, 
width of face of 40 micrometers). 

[0021] When the obtained multimode channel waveguide was started in length of 5 cm with the dicing saw and the 
insertion loss was measured, it was an insertion loss 3.0dB or less on 1 5dB or less and the wavelength of 1.55 
micrometers in ldB or less and 1.3 micrometers with the wavelength of 0.85 micrometers. Moreover, the wavelength 
of 1.3 micrometers or the wavelength of 1.55 micrometers of the polarization dependency of an insertion loss was 
0.1 dB or less. Furthermore, loss of this multimode channel waveguide was not changed one month or more under 75 
degrees C / 90% condition of RH. 

[0022] It is the liquefied photoresist epoxy resin which makes a principal component the structure expression (1) shown 
in the example 2 above, and the material (B) prepared so that the refractive index after optical hardening might be set to 
1.504 on the wavelength of 1.30 micrometers, including a photopolymerization initiator 2% of the weight, and the 
charge of clad layer material prepared so that the refractive index after optical hardening might be set to 1 .50 on the 
wavelength of 1.30 micrometers were prepared. In addition, other additives etc. may be suitably added to material (B) 
and the charge of clad layer material if needed. 

[0023] Next, like the example 1, on the silicon substrate, the charge of clad layer material was applied and the lower 
clad layer with a thickness of 20 micrometers was formed. On the lower clad layer, material (B) was used and the 
spacer was formed by the same method as an example 1 at the periphery section on a substrate. A non-irradiated 
material (B) was left behind to the inner circumference section of a spacer, and the height was 8 micrometers 
depending on the height of a spacer, and was uniform over the whole substrate surface. After having irradiated 
ultraviolet rays (UV light) through the mask of a waveguide pattern, developing negatives with the jig lime solution 
like the example 1 and forming the ridge pattern of 8-micrometer width of face, the overcoat of this ridge pattern was 
carried out using the photoresist epoxy resin used for forming a lower clad layer, and the multimode channel 
waveguide was produced. Thereby, the refractive index with a wavelength of 1.30 micrometers was able to produce the 
multimode channel waveguide which the clad and refractive index of 1.50 become from the core of 1.504. 
[0024] When this optical waveguide was started in length of 5cm with the dicing saw and the insertion loss was 
measured like the example 1, it is an insertion loss 3dB or less on ldB or less and the wavelength of 1.30 micrometers 
in the wavelength of 0.85 micrometers, and it turns out that this multimode channel waveguide shows single mode 
operation in a wavelength region with a wavelength of 1 .2 micrometers or more. 

[0025] The formation process of the optical waveguide which expresses the 2nd mode of this invention to example 3 
drawing 9 - drawing 17 is shown. 

[0026] It is the liquefied photoresist epoxy resin which makes a principal component the structure expression (1) shown 
above, and the material (C) prepared so that the refractive index after optical hardening might be set to 1.52 on the 
wavelength of 0.85 micrometers, including a photopolymerization initiator 2% of the weight, and the material (D) 
prepared so that the refractive index after optical hardening might be set to 1.54 on the wavelength of 0.85 micrometers 



were prepared. In addition, other additives etc. may be suitably added to material (C) and material (D) if needed. 
[0027] Next, as shown in drawing 9 , after applying the above-mentioned material (C) with the spin coat on the silicon 
fc substrate 14, ultraviolet rays (UV light) 15 were irradiated and the clad layer 16 of 20 micrometers of thickness was 
formed in the whole surface. The refractive index was 1 .52 on the wavelength of 0.85 micrometers. The above- 
mentioned material (C) was poured in, the clad layer was turned down and the silicon substrate 14 was put on the slot 
1 8 of the metal mold 1 7 (the flute width of 200 micrometers, a height of 40 micrometers) made of the acrylic resin of a 
configuration as shown in drawing 10 on metal mold ( drawing 1 1 ). Next, as shown in drawing 12 , optical hardening 
of the portion 13 into which ultraviolet rays (UV light) 19 were irradiated and a liquefied material (C) was injected was 
carried out, and the spacer 20 was formed. As shown in drawing 13 , the silicon substrate 14 was turned down, the 
spacer 20 was turned up, and material (D) was injected into the portion surrounded by the spacer. The mask 22 of the 
pattern shown in drawing 14 was developed with the jig lime solution, after irradiating ultraviolet rays (UV light) 23 
over a mask in piles on a spacer 20, as shown in drawing 15 ( drawing 16 ). however, the exposure at this time « 2000 
mJ/cm2 it was . According to the pattern of a mask 22, the photoresist only with the liquefied portion which carried out 
optical irradiation hardened, and the ridge pattern 24 of a configuration as shown in drawing 16 was formed. The 
refractive index after hardening was 1.54 on the wavelength of 0.85 micrometers. As shown in drawing 17 , this ridge 
pattern 24 was made to apply and harden material (C), the up clad layer 26 was formed, and the multimode channel 
waveguide 25 was produced ( drawing 17 ). The multimode channel waveguide (a depth of 40 micrometers, width of 
face of 40 micrometers) in which a refractive index with a wavelength of 0.85micro has the clad layers 16 and 26 of 
1 .52, and a refractive index has the core section 27 of 1 .54 was produced by this operation. 
[0028] When the obtained multimode channel waveguide was started in length of 5cm with the dicing saw and the 
insertion loss was measured, it was an insertion loss 3.0dB or less on 1.5dB or less and the wavelength of 1.55 
micrometers in ldB or less and 1.3 micrometers with the wavelength of 0.85 micrometers. Moreover, the wavelength 
of 1.3 micrometers or the wavelength of 1.55 micrometers of the polarization dependency of an insertion loss was 
0. ldB or less. Furthermore, loss of a multimode channel waveguide was not changed one month or more under 75 
degrees C / 90% condition of RH. 

[0029] It is the liquefied photoresist epoxy resin which makes a principal component the structure expression (1) shown 
in the example 4 above, and the material (E) prepared so that the refractive index after optical hardening might be set to 
1.50 on the wavelength of 1.30 micrometers, including a photopolymerization initiator 2% of the weight, and the 
material (F) prepared so that the refractive index after optical hardening might be set to 1 .504 on the wavelength of 
1.30 micrometers were prepared. In addition, other additives etc. may be suitably added to material (E) and material (F) 
if needed. 

[0030] The multimode channel waveguide (the clad of a refractive index 1.50, core of a refractive index 1.504) was 
produced like the example 3. 

[003 1] However, the material used for the lower clad layer and the up clad layer The material (E) adjusted so that it 
might become a refractive index 1.50 on the wavelength of 1.3 micrometers at the time of optical hardening Moreover, 
the height of the formed spacer is 10 micrometers and, as for the liquefied photoresist epoxy resin poured in into the 
spacer, the refractive index after optical hardening used the material (F) of 1.504, using material (E) as a charge of 
spacer material used for formation of a spacer. The width of face of the ridge pattern which irradiated UV light over the 
mask and was obtained after jig lime solution development which has a waveguide pattern was 8 micrometers like the 
example 3. The refractive index after hardening of the core section was 1.504 on the wavelength of 1.30 micrometers. 
[0032] When the obtained multimode channel waveguide was started in length of 5 cm with the dicing saw like the 
example 3 and the insertion loss was measured, it is an insertion loss 3dB or less on ldB or less and the wavelength of 
1.30 micrometers in the wavelength of 0.85 micrometers, and it turns out that this waveguide shows single mode 
operation in a wavelength region with a wavelength of 1 .2 micrometers or more. 

[0033] In addition, it turns out that a macromolecule waveguide can be produced like the above-mentioned examples 1- 
4 instead of liquefied epoxy oligomer even if it uses liquefied silicone epoxy oligomer, liquefied silicone oligomer, and 
liquefied silicone vinyl ether oligomer, and it has the same effect. 
[0034] 

[Effect of the Invention] As explained above, according to this invention, the optical waveguide of quality polymeric 
materials was able to be formed by the simple production method by using a spacer. For this reason, the optical 
waveguide of the polymeric materials by this invention was able to respond to application to the optical-waveguide die 
parts as which mass-production nature is required advantageously, therefore, this inventions are general optics and a 
microoptics field, and have been applied to various optical waveguides, optical integrateds circuit, or optical 
patchboards etc. which are used in the field of optical communication or optical information processing again 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross section of the substrate which has a clad layer. 

Prawing 2] It is a cross section in the state where put the mask on the substrate which has a material application layer, 
and optical irradiation was carried out. 
[Drawing 3] It is the plan of a mask. 

[Drawing 4] It is the cross section of the substrate in the state where the spacer was formed. 
[Drawing 5] It is the plan of a mask. 

[Drawing 6] It is the cross section of the substrate in the state where light was irradiated through the mask. 
[Drawing 7] It is the cross section of the substrate in the state where the ridge pattern was formed. 
[Drawing 8] It is the cross section of the optical waveguide formed by this invention. 
[Drawing 9] It is the cross section of the substrate which has a clad layer. 
[Drawing 10] It is the cross section of metal mold. 

Prawing 11] It is the cross section of the substrate in the state where the substrate was put on metal mold. 
Prawing 12] metal mold -- they are a substrate in the state where light was irradiated from the side, and the cross 
section of metal mold 

Prawing 13] It is the cross section of the substrate in the state where material was poured in into the spacer. 
Prawing 14] It is the plan of a mask. 

Prawing 15 ] It is the cross section of the substrate in the state where put the mask and light was irradiated on the 
spacer. 

Prawing 16 ] It is the cross section of the substrate in the state where the ridge pattern was formed. 
Prawing 17] It is the cross section of the optical waveguide formed by this invention. 
Pescription of Notations] 

1 Silicon Substrate 

2 Ultraviolet Rays (UV Light) 

3 Lower Clad Layer 

4 Layer Which Applied Material (A) 

5 Mask 

6 Spacer 

7 Mask 

8 Ultraviolet Rays (UV Light) 

9 Ridge Pattern 

10 Multimode Channel Waveguide 

1 1 Up Clad Layer 

12 Core Section 

13 Portion Which Poured in Material (C) 

14 Silicon Substrate 

15 Ultraviolet Rays (UV Light) 

16 Lower Clad Layer 

17 Metal Mold Produced by Acrylic Resin 

1 8 Slot on the Metal Mold 

19 Ultraviolet Rays (UV Light) 

20 Spacer 

21 Portion Which Poured in Material (D) 

22 Mask 

23 Ultraviolet Rays (UV Light) 



, 24 Ridge Pattern 

* 25 Multimode Channel Waveguide 

* 26 Up Clad Layer 
27 Core Section 
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